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ABSTRACT 
Water- retted Kenaf fibers were used as reinforcement in mortar composites of size, 650 mm × 450 mm × 8 mm. 
Three fiber contents (0.5 %, 1.0 % and 1.5 %) and four fiber lengths (20 mm, 30 mm, 40 mm and 50 mm) were 
considered in the study. Physical and mechanical characteristics of the composites were evaluated according to 
ASTM and other appropriate standards. The results of the experimental program showed that although the bending 
capacity ofkenaf fiber-reinforced mortar sheet decreased with increase in fiber content, the flexural toughness and 
the impact resistance of the composite were enhanced with higher content of the fiber, compared with the control 
composites (composite  without fiber). The  water absorption and the  fire resistance  of the composite  were also 
observed to be within acceptable limits specified by relevant standards. 
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1.  INTRODUCTION 
In recent times there have been much research efforts to utilize natural fibers of vegetable origin for the production 
of  low-cost  building  elements,  partly  due  to  energy  crisis.    Aside  from  the  fact  that  natural  fibers  are  readily 
available and renewable, they are less expensive to produce, compared to man-made fibers. Research findings have 
shown that natural fiber reinforcement gives concrete and mortar products higher toughness, improved impact and 
deformation capacities ([1], [2], [3],[4],[5, 6], [7], [8, 9]).  The most common natural fiber-reinforced brittle matrix 
used in building has been asbestos reinforced cement.  But because of the lung cancer problem associated with 
asbestos, a considerable effort has been directed towards finding its alternative for use as reinforcement in cement 
and concrete matrices.  One of such alternatives is the use ofnatural fibers of vegetable origin as reinforcement in 
low  modulus  composite.    Much  research  data  are  available  on  the  properties  of  cement  mortar  and  concrete 
reinforced with other natural fibers such as coir and sisal fibers.  This paper presents the results of an experimental 
program to study the behavior of mortar sheet reinforced with kenaf fiber. Kenaf fiber is a bast fiber obtained from 
the stems of kenaf plant (hibiscus cannabinus).This fiber, together with the stem of the plant, is regarded as solid 
wastes, thus often dumped in landfills. It is believed by the authors thatthe utilization of kenaf fiber as a building 
material, which is the focus of thisresearch paper, will help immeasurably to reduce the environmental burden on the 
limited landfill facilities available in the Northern Nigeria, where kenaf plants are largely grown as cash crop. 
 
2.  EXPERIMENTAL PROGRAM 
MATERIALS  
The  kenaf  fibers  used  in  this  investigation  were  obtained  from  local  farmers  in  Bauchi  town  of  Bauchi  State 
ofNigeria. The fibers were subjected to water retting-a process involving soaking kenaf stems in water for 21 days 
before extracting the fibers.  After decortications, the fibers were scotched and washed before chopping into lengths 
of 20 mm, 30 mm, 40 mm, and 50 mm for incorporation into mortar matrix.  The physical and mechanical properties 
of the water-retted kenaf fiber are presented in Table 1. 
  
Table 1. Physical and Mechanical Properties of Water-retted Kenaf Fibers 
Item                                                                                     Number of samples       Mean values 
Specific gravity                                                                               3                               1.1 
Fiber diameter (mm)                                                                       5                               0.1 
Water absorption after 24 hr. immersion in water (%)                  3                               66.7 
Ultimate strength (N/mm
2)                                                            100                           241.9 
Elongation (%)                                                                               100                           1.4 
Modulus of elasticity (kN/mm
2)                                                   100                           17.6 
 IJRRAS 12 (1) ● July 2012  Udoeyo & Adetifa ● Kenaf Fiber-Reinforced Mortar Composites 
 
   
19 
 
Ashaka brand of ordinary Portland cement-a type 1 cement conforming to ASTM C150 was used.  The cement has a 
specific  gravity  of  3.15,  and  an  initial  and  final  setting  time  of  88  and  146  minutes,  respectively.    Naturally 
occurring sand was used as fine aggregate.  The grain size distribution of the sand is shown in Fig.1. 
 
Fig. 1.  Grain size distribution of sand used 
 
3.  METHODS 
The mix proportion for sheet specimens was 1:1:0.56 (cement:sand:water).  The mixing procedure adopted for all 
mortar mixes involve the following: (a) measure sand and cement and mix them thoroughly until homogeneous mix 
is achieved; (b) add required quantity of fiber and mix carefully to a point of uniformity, and (c) add measured 
quantity of water and mix the whole lot until a workable mix is obtained.  All mixing and compaction were done 
manually.  From each mix samples were taken for slump and fresh density tests.  The slump and fresh density tests 
are presented in Table 2. 
 
Table 2. Properties of fresh fibrous mortar mix (fiber length = 30mm) 
Volume Fraction (%)                             Slump (mm)           Fresh Density (kg/m
3)  
0                                                                   50                               2226.2 
0.5                                                                10                               2094.6 
1.0                                                                6                                1908.7 
1.5                                                               3                                 1710.6 
 
Preparation and testing of specimens were as follows: 
  Bending test: Bending and impact specimens were sheets of size, 650 x 450 x 8 mm produced using a metal 
formwork.  Before casting, the metal frame was placed on a wooden board covered with polyethylene sheet.  
Compaction was done manually using a tamping rod.  All the specimens were cured in water for 7 days before 
testing. Bending test was according to ASTM C495-63.  Specimens were simply supported on a span of 550 
mm and loaded to failure.  Dial gauges were mounted at the midspan, underneath the specimens, to measure the 
central deflection. 
  Impact test: Impact specimens were sheets of size, 650 x 450 x 8 mm.  Impact capacity was determined by the 
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dropped on the sheet specimens from increasing heights of 50 mm intervals.  The height travelled by the ball 
when the first visible crack had developed on the face opposite to that receiving the blow was recorded. Impact 
energy absorbed by each specimen was then determined from the work done by the ball to produce first visible 
crack.  This procedure was an adaptation of ASTM D1037-72A. 
  Cylinders for pull-out test:  The specimens for pull-out test were cylinders of size 20 mm diameter and 20 mm 
depth.  Ten single strands of kenaf fibers were embedded in each mortar cylinder to the required depth.  Three 
depths of embedment were considered as follows: 10 mm, 15 mm and 20 mm.  For each depth of embedment 
three specimens were produced.  All the pull-out test specimens were cured in water for 7 days before testing.  
Fibers were pullout of the cylinder at a rate of 5 mm/min. using a Shirley Testometric Tester Model 220D. 
  Cubes for dynamic modulus test:  The dynamic modulus specimens were cubes of 150 mm size cured for 7 days 
before testing.  The testing was according to ASTM C597.  The equipment used for testing was Ultrasonic 
Concrete Tester Model C370. 
  Water absorption test:  The specimens for water absorption test were fragments from kenaf fiber-cement mortar 
sheets that have been subjected to bending test.  Specimens from sheets with fiber volume contents of 0.5, 1.0 
and 1.5 % were tested for water absorption according to ASTM C208-72. 
  Fire resistance test:  The test specimens were fragments from sheets that were subjected to bending test.  The 
fire resistance of kenaf fiber-reinforced cement mortar specimens with fiber volume fraction of 0.5, 1.0 and 1.5 
% were examined using the non-combustibility test method, which is one of the methods recommended by the 
International Standards Organization.  Specimens were placed in the center of a furnace chamber maintained at 
a temperature of 750
oC for a period of 10 minutes before fire resistance test was conducted. 
 
4.  RESULTS AND DISCUSSION 
  Bending Capacity of Composites 
The test results of the bending capacity of kenaf fiber-reinforced mortar sheets are presented in Table 3.   
 
Table 3. Bending Capacity of Kenaf Fiber-Reinforced Mortar Sheets 
Specimen                   Volume Fraction                   Fiber Length                      Bending Capacity 
                                             (%)                                     (mm)                              (Nm/m width)                                                                                                                              
SP0                                        0                                          0                                         97.78 
SP1                                        0.5                                       20                                       98.80 
SP2                                        0.5                                       30                                       88.61 
SP3                                        0.5                                       40                                       86.57 
SP4                                        0.5                                       50                                       80.46 
SP5                                        1.0                                       20                                       68.24 
SP6                                        1.0                                       30                                       65.52 
SP7                                        1.0                                       40                                       68.24 
SP8                                        1.0                                       50                                       60.09 
SP9                                        1.5                                       20                                       86.50 
SP10                                      1.5                                       30                                       86.57 
SP11                                      1.5                                       40                                       80.46 
SP12                                      1.5                                       50                                       88.61 
 
The two-way analysis of variance presented in Table 4 shows that fiber volume (Vf), and the interaction of fiber 
length and volume  fraction (Lf × Vf) significantly influenced the bending capacity of  the composite.  The 
maximum bending capacity was obtained at 0.5 % Vfand 20 mm fiber length, while the minimum capacitywas 
obtained at 1.0 % Vfand 30 mm fiber length.  The load-deflection curves for the fibrous and plain composites 
are shown in Figs. 2, 3, and 4. The computed flexural  
toughness indices for the composites are presented in Table 5.  Toughness is a measure of the energy-absorption 
capacity of a material and is used to characterize the material’s potential to resist fracture.  Many methods have 
been proposed to quantify toughness indices.  The method used in this work to compute toughness indices of 
kenaf fiber-reinforced mortar sheet is that proposed by [10] and [11].  These authors suggested that toughness 
index be computed as the ratio of the area under the complete load-deflection curve of reinforced specimen to 
that of unreinforced specimen of identical size.  From Table 5 it could be observed that apart from sheets 
containing 0.5 %Vf, all other sheets have toughness indices greater than unity.  This implies that the inclusion of 
kenaf fiber in the mortar composites indeed improved the energy absorption capacity of the composites.  
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Table 4. ANOVA of Bending Capacity of Kenaf Fiber-Reinforced Mortar Sheets 
SV                             DF                          SS                           MS                            VR 
Rep                            2                           143.60                     71.80                         0.85
n.s 
Vf                             3                           617.22                   205.74                         2.44
n.s 
Vfx Lf                      2                         3643.17                 1821.59                         21.61
** 
Lf                              6                         3195.05                   532.51                         6.32
** 
Exp. Error                22                        1854.62                     84.30 
n.s = not significant; **p <0.01 
 
 
Fig. 2.  Load-deflection curves for composites with 0.5 % fiber volume fraction 
 
 
Fig. 3.  Load-deflection curves for composites with 1.0 % fiber volume fraction 
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Fig. 4.  Load-deflection curves for composites with 1.5 % fiber volume fraction 
 
Table 5. Toughness Indices of Kenaf Fiber-Reinforced Mortar Sheets 
Volume Fraction                                   Flexural Toughness Indices 
                                                                   Fiber Length (mm) 
         (%)                                        20                           30                          40                          50                 
          0.5                                       1.51                        0.74                       0.98                       0.98 
          1.0                                       2.48                        3.30                       1.30                       1.30 
          1.5                                       2.86                        1.56                       2.10                       1.28 
 
  Impact Capacity of Composites 
Table 6Shows the result of the impact capacity test onkenaffiber-reinforced mortar sheets.  ANOVA result 
presented in Table 7 shows that only fiber volume fractionhad a highly significant effect on the impact capacity 
of the sheets.  The impact capacity increased from 32 to 67 percent when kenaffiber was incorporated into 
mortar matrix up to 1.5 percent by volume of the composite.  Taking into consideration the type of support 
adopted in this work, the 2.0 Nm impact strength value obtained for kenaf fiber sheets with 1.5 percent fiber 
volume compares favorably with the 2.82 Nm and 4.04 Nm values reported by [12, 13] and [14] for elephant-
grass  fiber  sheets  and  asbestos  fiber  sheets,  respectively.    The  impact  strengths  reported  by  these  afore-
mentioned authors were obtained for sheets supported on four sides, while those reported herein were supported 
only on two opposite sides. Also presented in Table 6 are the impact resistance values of kenaf fiber- reinforced 
mortar sheets. 
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Table 6.  Impact Capacity of Kenaf Fiber-Reinforced Mortar Sheets 
Specimen       Volume Fraction        Fiber Length         Impact Capacity                   IR 
                               (%)                          (mm)                        (Nm)                                                                                                                              
SP0                          0                                0                            1.18                               -   
SP1                          0.5                             20                          1.42                             1.20               
SP2                          0.5                             30                          1.26                             1.07               
SP3                          0.5                             40                          1.26                             1.07                
SP4                          0.5                             50                          1.26                             1.07 
SP5                          1.0                             20                          1.26                             1.07     
SP6                          1.0                             30                          1.18                             1.00      
SP7                          1.0                             40                          1.26                             1.07              
SP8                          1.0                             50                          1.18                             1.00              
SP9                          1.5                             20                          1.74                             1.47             
SP10                        1.5                             30                          1.74                             1.47                                    
SP11                        1.5                             40                          1.97                             1.67              
SP12                        1.5                             50                          1.73                             1.47              
IR = impact resistance = 
𝐼?????  ?????𝑖??  ?? ??𝑖???????  ??????  ?ℎ???
𝐼?????  ???𝑖??????  ?? ????𝑖???????  ??????  ?ℎ??? 
 
Table 7. ANOVA of Impact Capacity of Kenaf Fiber-Reinforced Mortar Sheets 
SV                             DF                          SS                           MS                            VR 
Rep                            2                           0.02                          0.01                         0.5
n.s 
Vf                             3                           0.08                          0.03                         1.5
n.s 
Vf x Lf                      2                           2.76                          1.38                         69
** 
Lf                              6                           0.27                          0.05                         2.5
ns 
Exp. Error                22                          0.50                          0.02 
 
  Fiber-Mortar Bond 
The average peak pull-out load of ten fiber strands embedded in mortar matrix to a depth of 15 mm was 15.33 N 
and the breaking load at 20 mm embedment was 16.00 N.  The bond strength was computed to be 0.25 N/mm
2.  
From this result it is evident that kenaf has a better bonding with cement based matrices than akwara, which is 
also a vegetable fiber.  According to [15], the critical bond length of akwara was reported to be 100mm while 
that of kenaf obtained in this work was 20 mm.  Also comparing the 0.25N/mm
2 value obtained in this work 
with 0.11 N/mm
2 value reported by [16] as the bond strength for polypropylene fiber-reinforced mortar, it could 
also be concluded that kenaf fiber has a better bonding with mortar matrix than polypropylene fiber. 
  Water Absorption of Composites 
Table 8 shows the water absorption of kenaf sheets after 24 hours immersion in water.  From the table it could 
be noted that the water absorption ofkenaf reinforced mortar sheet within the investigated volume contents vary 
from 5.67 to 13.68 percent.  These values lie within the specifications of ASTM: C221-77 for sand-cement 
corrugated asbestos sheets which allows up to 16% water absorption. 
 
Table 8.  Water Absorption of Kenaf Fiber-Reinforced Mortar Sheets 
Specimen                   Volume Fraction                   Fiber Length                      Water Absorption 
                                             (%)                                     (mm)                                      (%)                                                                                                                              
SP0                                        -                                          -                                            - 
SP1                                        0.5                                       20                                       7.83 
SP2                                        0.5                                       30                                       5.67 
SP3                                        0.5                                       40                                       9.08 
SP4                                        0.5                                       50                                       9.48 
SP5                                        1.0                                       20                                       9.41 
SP6                                        1.0                                       30                                       9.88 
SP7                                        1.0                                       40                                       7.89 
SP8                                        1.0                                       50                                       12.19 
SP9                                        1.5                                       20                                       13.34 
SP10                                      1.5                                       30                                       13.68 
SP11                                      1.5                                       40                                       12.36 
SP12                                      1.5                                       50                                       11.60 IJRRAS 12 (1) ● July 2012  Udoeyo & Adetifa ● Kenaf Fiber-Reinforced Mortar Composites 
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  Fire Resistance 
The fire resistance tests of kenaf fiber-reinforced mortar sheets showed that the composites could be classified 
as non-combustible, since none of the tested specimens caught fire when subjected fire resistance test.  Coir 
fiber  sheets  tested  by  [17]  were  reported  to  show  signs  of  significant  charring  and  were  classified  as 
combustible materials. 
  Modulus of Elasticity of Composite 
Table 9 presents the values of the dynamic and elastic moduli of elasticity of kenaf fiber-reinforced mortar 
composites.  The results of the dynamic modulus were obtained from the ultrasonic measuring techniques while 
the static moduli for the composites were estimated using the relationship between the dynamic and static 
moduli presented in the British Code CP 110:1972. 
 
Table 9. Modulus of Elasticity of Kenaf Fiber-Reinforced Mortar Sheets 
Volume Fraction       Average Pulse Velocity      Dynamic Modulus, Ed       Static Modulus, EC 
           (%)                                 (km/s)                           (MN/m
2 )                              (MN/m
2) 
           0.5                                 3.15                             19688.69                              5610.9                                             
           1.0                                 3.08                             18696.40                              4370.5 
           1.5                                 3.09                             19302.73                              5128.4 
 
  Comparison of Properties of Kenaf fiber-reinforced Mortar Composites with ASTM Standard. 
Table10  shows  the  comparison  of  the  properties  of  kenaf  fiber-reinforced  mortar  sheets  with  the  ASTM 
specifications for building boards.  As could be observed, the minimum transverse load, maximum deflection at 
specified minimum load, minimum modulus of rupture, and maximum linear expansion of the composite meet 
the ASTM specified standard values, confirming the suitability of the sheet as a building material.  In a previous 
work by [18] it was reported that corrugated sheets from kenaf fiber-reinforced rich-cement mortar had bending 
characteristics within the ASTM specifications for class A corrugated asbestos cement sheets. 
 
Table 10. Comparison of Properties of Kenaf Fiber-Reinforced Mortar Sheet with ASTM C 208-72 Specifications 
Item                                                                Specified Value                   Kenaf fiber- Composite 
Transverse load (N)                                               min. 53                                     150-323 
Deflection at specified minimum load (mm)        max.22                                      0.14-0.54 
Modulus of rupture (MPa)                                    min. 1.65                                   2.5-5.46 
Linear expansion (%)                                            max. 0.50                                  0.007-0.033 
 
Predicting the Bending Capacity of Kenaf-Fiber Reinforced Mortar Composite using Dimensional Analysis. 
The bending capacity of kenaf fiber-reinforced mortar composite (𝑀?) depends on fiber volume fraction ( f V ), 
length of fiber ( f L ), diameter of fiber ( f d ), bond between fiber and mortar (τ), and tensile strength of fiber ( f T ).  
The following functional relationship exists among these variables: 
ʦ (Mb, f V , f d , f L ,τ, f T )                                                 (1) 
From Buckingham Pi theorem Eq. (1) can be written in the following form: 
πi= Ф (π1, π2,…………… πi-1, πi+1,………..πn) (2) 
Since f V is dimensionless, it is already a Pi parameter, thus  
𝜋1=  f V  (3) 
𝜋2 = τ
adf
bMb, taking τ and  f d  as repeating or recurring variables (4) 
Stating 𝜋2 in dimensional form we have, 
(MLT
-2L
-2)
a(L
b) (MLT
-2L) = M
0L
0T
0 
Comparing indices of the left hand side and right hand side of the equation we have for 
M:  a + 1 = 0, a = -1 
L:   a -2a + b + 1+1 =0, b = -3 
T:   -2a-2 = 0 
Thus a = -1, b = -3. Substituting these values in Eq. (4) we have  
𝜋2= τ
-1df
-3Mb=
𝑀?
𝜏??
3  (5)     
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π3 = 
f
f
d
L
(6) 
and𝜋4 =  

f T
(7) 
Expressing𝜋2 as a function of other Pi parameters we have 
𝜋2= ʦ (𝜋1,𝜋2, π3,𝜋4)                                     (8) or
𝑀?
𝜏??
3= Ф



f
f
d
L
, f V ,  



f T
(9)  
The predictive model for bending capacity of kenaf fiber-reinforced mortar could be cast in the following form: 
𝑀?
𝜏??
3 = ʱ f V 







d
L
f
f
m
(10) The constants ʱ and m of Eq. (10) can be obtained by performing regression analysis 
using the laboratory experimental data generated. To determine the constants by regression, Eq. (10) must first be 
converted into a multivariate linear form by taking its logarithm as follows: 
log 
𝑀?
𝜏??
3 = log (k) + m log 







f
f
d
L
(11) 
where k = ʱ f V  
The values of k,  and m obtained by regression analysis are in Table 11. Table 12 shows the comparison of the 
bending capacity of kenaf fiber-reinforced mortar composite obtained in the laboratory and those predicted by Eq. 
10 when the determined constants are substituted in the equation. 
 
Table 11. Constants for Equation 10 
Volume Fraction  k  ʱ  m 
0.5  1228004.62  2456009.24  -0.214 
1.0  505591.77  505591.77  -0.113 
1.5  356451.13  237634.09  -0.0068 
 
Table 12. Comparison of Experimental Moment and Predicted Moment using Eq. (10) 
Specimen  Experimental bending 
(Nm) 
Predicted bending 
(Nm) 
𝐸????𝑖??????
𝑃???𝑖????
 
SP 1 
SP 2 
SP 3 
SP 4 
SP 5 
SP 6 
SP 7 
SP 8 
SP 9 
SP 10 
SP 11 
SP 12 
98.8 
88.61 
86.57 
80.46 
68.24 
65.52 
68.24 
60.09 
86.50 
86.57 
80.46 
88.61 
98.79 
90.58 
85.17 
81.20 
69.46 
66.35 
64.23 
62.63 
85.96 
85.72 
85.56 
85.43 
1.0 
0.98 
1.02 
0.99 
0.98 
0.99 
1.06 
0.96 
1.00 
1.00 
0.94 
1.04 
 
5.  CONCLUSIONS 
  Kenaf fiber enhances the flexural toughness and the impact resistance of mortar sheets. An inclusion of up to 
1.5 % fiber volume of kenaf fiber into mortar matrix resulted in an improvement in the flexural toughness and 
impact resistance of between 1.28 and 3.30, and 1.47 and 1.67 times that of the unreinforced sheet, respectively. 
  During testing, it was observed that the failure of kenaf fiber-reinforced mortar sheets was slow and gradual, 
compared to the sudden failure of control or plain sheets; thus the fibrous mortar compositesexhibited greater 
ductility, hence its ability to sustain load for a considerable length of time before failure. IJRRAS 12 (1) ● July 2012  Udoeyo & Adetifa ● Kenaf Fiber-Reinforced Mortar Composites 
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  The critical bond length and bond strength of kenaffiber embedded in a mortar matrix ofmix ratio 1:1:0.56 
(cement: sand: water) determined through a pull-out test were 20 mm and 0.25 N/mm
2, respectively. 
  The properties of kenaf fiber-reinforced mortar sheets meet all the ASTM specifications for building board. 
While the standard specifies minimum values of 53 N, 22 mm, 1.65 MPa and 0.50 % for transverse load, 
deflection, modulus of rupture, and linear expansion, respectively, the minimum values obtained for kenaf fiber-
reinforced mortar sheet were 150 N, 0.14 mm, 2.5 MPa and 0.007 %, respectively. 
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